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Groundwater has been used in the UK as a source of
drinking water for centuries. For example, certain
springs have been used to supply small urban
areas for more than a thousand years. However,
extensive use of groundwater began during the
industrial revolution that started in the eighteenth
century. The technology from the industrial revolu-
tion provided the means to access greater quantities
of groundwater. Nevertheless, probably the more
important factor was the increasing urbanization,
with industrial cities such as Birmingham, Liver-
pool and Nottingham expanding at a phenomenal
rate. With the higher population came an increased
demand for water, which could be provided from
local aquifers.

The trigger for extensive exploitation was the
1848 Public Health Act that required local auth-
orities to ensure a source of clean drinking water.
From 1850 onwards, large red-brick Victorian
pumping stations (Figs 1 & 2) started to appear on
the outcrops of the principal aquifers in England,
and abstraction steadily increased until the 1990s.
In 2003, the use of groundwater in England and
Wales was c. 6400 Ml/day (6 400 000 m3/day), of
which c. 5000 Ml/day was for public supply
(Environment Agency 2006), comprising about a
third of the total drinking water supply in England
and Wales. The abstraction is predominantly from
the Chalk and Permo-Triassic Sandstone (Fig. 3),
which account for 60 and 25% of total groundwater
abstraction, respectively (Downing 1998). Outcrops
of these two aquifers are located mainly in the
SE and Midlands of England, where groundwater
often accounts for over 40% of public supply and
sometimes exceeds 70% (Downing 1998). Ground-
water use in Scotland and Northern Ireland is much

lower, at c. 60 and c. 110 Ml/day, respectively,
representing 3 and 7% of public supply in those
parts of the UK (Downing 1998).

A need to understand, quantify and predict
groundwater flow in aquifers was a natural conse-
quence of the onset of widespread exploitation of
the principal aquifers in the mid-nineteenth century.
The development of the science of hydrogeology in
the UK over the last 200 years has been documented
in detail in the excellent book by Mather (2004).
Downing (2004), one of the papers in Mather (2004),
describes the beginning of groundwater modelling
in the UK in the late 1960s to early 1970s, both elec-
trical analogues and numerical. The thread of this
story is picked up by Rushton & Skinner (2012).

Modelling history of the UK

Since the early 1970s there has been a slow but
steady increase in the use of groundwater models
in the UK, and it is still increasing to the present
day. Rushton and Skinner provide a brief review
of the development in England and Wales, where
the models were initially developed as bespoke
computer programs by academics and research
institutes. Now much work is done by consultants
using standardized, widely available groundwater
modelling codes such as MODFLOW (McDonald &
Harbaugh 1988).

The development of groundwater models in the
UK, as Rushton and Skinner describe, has been
influenced by legislation and the organizations
that have been responsible for groundwater man-
agement. In 1988, the possibility of competing
groundwater models arose in England and Wales
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with the advent of a separate government water reg-
ulator (the National Rivers Authority, followed in
1996 by the Environment Agency) and privatized
water suppliers.

The national modelling programme of

England and Wales

The need for a national framework of groundwater
modelling was in part a consequence of this split,
which led the Environment Agency to embark at
the end of the 1990s on a large programme to
develop conceptual and numerical models of the
principal bedrock aquifers of England and Wales
and their associated superficial deposits. This pro-
gramme consisted of eight regionally based sub-
programmes (SW, Southern, Thames, Anglian,
Midlands, Wales, NW and NE) covering the
Chalk, Permo-Triassic Sandstone, Jurassic Lime-
stone, Carboniferous Limestone, Permian Dolo-
mites (Zechstein) and Lower Greensand (Fig. 3),
described by Whiteman et al. (2012a). The work
forthcoming from this programme over the period
1998–2009 forms the basis of this book. The case
study and review papers in this volume that are
partly or directly associated with this programme
are: Black & Black (2012); Black et al. (2012);
Daily et al. (2012); Gellatly et al. (2012); Hulme
et al. (2012); Hutchinson et al. (2012); Ingram
et al. (2012); Quinn et al. (2012); Shepley &
Soley (2012); Soley et al. (2012a, b); and Taylor
et al. (2012).

In some cases the papers provide alternative
approaches to conventional groundwater modelling,
because of the importance of flow in large conduits
(Ingram et al. 2012) or time/cost constraints
(Hulme et al. 2012). However, the papers from

Fig. 1. The Bratch groundwater pumping station, built in Victorian gothic style by the Bilston Corporation, 1895
(courtesy of Friends of The Bratch).

Fig. 2. Vertical triple expansion steam engine at The
Bratch (courtesy of Friends of The Bratch).
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the England and Wales programme and the
associated modelling mostly have seven common
characteristics:

(1) the models simulate groundwater flow in
large aquifer units, and are therefore termed
‘regional’ models;

(2) the models are time variant with distributed
parameter fields;

(3) the models were generally built by consultants
with technical steering by Environment
Agency staff and external peer review, either
by independent senior consultants or
academics;

(4) stakeholders, such as the privatized water
companies, participated in the projects to
develop the regional models;

(5) calibration was done predominately on hydro-
metric time series dating from 1970 (systema-
tic hydrometric monitoring in England and
Wales was only implemented after the 1963
Water Resources Act (Downing 2004));

(6) in most cases the regional models simulate
surface and groundwater flow and are there-
fore calibrated against gauged surface water
flows as well as groundwater level hydro-
graphs; and

(7) the models were commissioned for water
resources purposes based on Environment
Agency objectives focused primarily on
groundwater quantity.

The last point in particular is important for under-
standing the raison d’être of the papers in this

Fig. 3. Location map.
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volume. As the work was commissioned based
on regulatory need, the focus of the modelling is
not on innovative science, but on applying sound
science and delivering specific management results
(or outcomes). These include water resources
assessments, managing groundwater abstractions,
estimating the impact of groundwater abstraction
on river flows and wetlands and controlling saline
intrusion. Consequently, the value of this work
should be judged against the results in these areas
as well as the science and the degree of innovation
that has been generated. Some of the papers, such
as Soley et al. (2012b) on the southern Chalk,
provide broad overviews of the improvement in
understanding that has been obtained from the
modelling programme.

The driving forces for the modelling are dis-
cussed in Whiteman et al. (2012a), as well as the
benefits forthcoming from the work. Hughes et al.
(2012) provide examples of how non-expert stake-
holders should be engaged to maximize the benefits.

Beyond the national modelling programme

As the Environment Agency has taken the lead on
regional groundwater modelling, this is starting to
open up the use of these regulatory tools by many
other parties, principally the water companies for
diffuse pollution issues and climate change predic-
tions, but also environmental consultancies where
the use is being extended to point source pollution.
The use of MODFLOW for most Environment
Agency regional models greatly facilitates this
access, because it is freely available from the
United States Geological Survey and widely used
in the UK, and elsewhere internationally. However,
water companies are in some cases still developing
their own models for their specific purposes, as
explained by Jones et al. (2012).

There is a strong contrast with Northern Ireland
and Scotland where the equivalent government
environmental regulators (Northern Ireland Environ-
ment Agency and Scottish Environmental Protec-
tion Agency) do not have similar programmes.
Mansour et al. (2012) provide an account of the
use of groundwater models in Scotland, where the
British Geological Survey has had a prominent role.

The focus of the Environment Agency pro-
gramme on groundwater quantity has been deter-
mined by the internal financial constraints of the
Environment Agency, where the principle of finan-
cial ‘ring-fencing’ has, until recently, been applied
to the water licensing income following the gui-
dance of the UK government. In the Environment
Agency the Water Resources function has been the
main beneficiary of the charges raised from water
licensing, which has consequently focused efforts on

the water quantity aspects. Currently the most impor-
tant water legislation is the Water Framework Direc-
tive (WFD) of the European Community (Council
of European Communities 2000), for which Pro-
grammes of Measures are now being implemented
through the 2009 River Basin Management Plans.

Research and future

The WFD has a particular emphasis on water quality
and its effects on ecology, and it is likely that
groundwater models will be needed for the predic-
tion of temporal trends in concentrations of pollu-
tants in the aquifers in three dimensions. Currently
of particular concern are diffuse pollutants, particu-
larly nitrates; an extensive review is provided of the
nitrate problem in the UK and the scientific under-
standing in a 2007 thematic issue of the Quarterly
Journal of Engineering Geology and Hydrogeology
(Gooddy & Besien 2007).

The present volume also contains research
papers on groundwater modelling from the UK aca-
demic community. Two of these papers consider
major pollution incidents on the Chalk aquifer and
the simulation of contaminant transport at a regional
scale (Cook et al. 2012; Watson et al. 2012). These
papers form a useful contrast with the papers written
by the practitioners, as they give some insight into
the ways in which the regional models of the Envi-
ronment Agency can be used, improved and/or
adapted to assess future trends in water quality. In
the case of Cook et al. (2012), the contaminant
transport model has been partly based on the
Environment Agency regional groundwater model.
Some of the academic papers also provide an
insight into the information exchange between prac-
titioners and academics. For example, the work
described by Butler et al. (2012) is based partly on
the work forthcoming from the Lowland Catchment
Research (LOCAR) programme of the National
Environment Research Council (NERC) and was
supported by the Environment Agency.

It is anticipated that the six-yearly River Basin
Management Plans of the WFD will provide the
legal driver for further investment, as the ‘status’
of the aquifers (groundwater bodies in WFD termi-
nology) will have to be assessed from a water quan-
tity and quality perspective. Review of conceptual
and numerical models for each six-year cycle is an
implicit requirement of this process (Council of
European Communities 2009). It is particularly the
realization of demonstrable benefits that will deter-
mine the amount of future investment in the models
and uptake of research. Such future investment
could be limited to the updating of time series,
or might involve extensive improvement of the
models as the conceptual understanding improves
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with time. Making the groundwater models accessi-
ble to the wider hydrogeological community could
be a key step in this process. A start has been
made in England and Wales with the development
of a map-based, client–server system for holding
groundwater models (the National Groundwater
Modelling System, see Whiteman et al. 2012b),
which facilitates the access and running of models.
The future success of this system should see a con-
tinued trend of greater utilization and reliance on
groundwater models for water resources manage-
ment in the UK.
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